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ECMWF   European Centre for Medium-Range Weather Forecasts  
EDAS   H*1!U1*1!E//2-2>1*2&'!@7/*+- 
EDGAR   Emission Database of Global Atmospheric Research  
ETU   Expected Total Uncertainty 
EVI   Enhanced Vegetation Index 
FT   Free Troposphere 
GEE   Gross Ecosystem Exchange  
GHG   Green House Gas  
H!D?!!!<2(4!E>*2*59+!%F'(!+'95,1'6+ 
IAGOS   G')/+,026+!E2,6,13*!3&,!1!;>&.1>!F./+,02'(!@7/*+-!
E:!!!!G'*+,'1*2&'1>!H'+,(7!E(+'67    
IPCC   Intergovernmental Panel on Climate Change 
IPDA   Integrated path Differential Absorption 
WE=!!!`+'1!G'/*,5-+'*!3&,!;,++'4&5/+!(1/!-+1/5,+-+'* 
LIDAR   LIght Detection And Ranging  
LPDM   Lagrangian Particle Dispersion Model  
LSWI   Land Surface Water Index  
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9K9!!!B&9+>)U1*1!B2/-1*64!
9:5DE;!!!B+*41'+!Y+-&*+!@+'/2'(!%291,!B2//2&'!
9D!!!B2A+9!%17+,!
9?KE3!!!BFU+,1*+!,+/&>5*2&'!G-1(2'(!@8+6*,&,192&-+*+, 
MOZAIC  B+1/5,+-+'*/!&3!FO&'+!1'9!=1*+,!018&,!.7!2')/+,026+!EG,.5/!12,6,13* 
MPI-BGC   Max Planck Institute for BioGeoChemistry  
NEE   Net Ecosystem Exchange  
PAR   Photosynthetic Available Radiation  
PBL   Planetary Boundary Layer  
SRE   Spatial Representation Error 
RF   Radiative Forcing 
RHS   Right Hand Side 
593:!!!Y&&*!B+1'!@J51,+!H,,&,!
3I0!!!@>1'*+9!c1,*21>!L&>5-'!
34!!!@*,1*&/84+,+ 
STILT   Stochastic Time Inverted Langrangian Transport model  
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TCCON   Total Carbon Column Observing Network  
TM3   Transport Model 3  
UTLS   Upper Troposphere – Low Stratosphere 
VPC   Vertical Partial Column 
VPRM   Vegetation Photosynthesis and Respiration Model 
WMO   World Meteorological Organization ! (
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<X/*%,(C6FD!G>>5/*,1*2&'!&3!*4+!LF!+'41'6+-+'*!2'!*4+!-2A+9!>17+,!N4+2(4*!.2P!1.&0+!*4+!LF!2'!*4+!3,++!*,&8&/84+,+?!!
<X/*%,(C6RD*BFKEGLMGE;F@!3>2(4*!*,16:/!.+>&=!R!:-!1>*2*59+!/4&='!&'!1!-18!=2*4!LF!+-2//2&'/!.1/+9! &'! *4+! HU;EY! 0+,/2&'! R?$! +-2//2&'/! 1*! "V! :-! 4&,2O&'*1>! ,+/&>5*2&'! N>+3*PC! BFKEGL!&./+,01*2&'!>&61*2&'/!95,2'(!#VV]!2'!*4+!0262'2*7!&3!_,1':35,*C!6&>&,+9!.7!1>*2*59+!N-299>+PC!1'9!@QG%QMHU;EY! 9+,20+9! 3&&*8,2'*! N/+'/2*202*7! *&! 58/*,+1-! 3>5A+/P! 3&,! 1! /2'(>+! -+1/5,+-+'*!>&61*2&'M*2-+!'+1,!_,1':35,*!12,8&,*!N,2(4*P?!!
<X/*%,(C6>D*b+,*261>!8,&32>+/!3,&-!BFKEGLMGE;F@!&./+,01*2&'/!N,+9PC!@QG%QMHU;EY!/2-5>1*2&'/!N.>5+P! 1'9! .&5'91,7! 6&'92*2&'/! 3,&-! *4+! BELL! ,+1'1>7/2/! N.>16:P! 3&,! 9233+,+'*! >&61*2&'/! 1'9!*2-+/?!a&*+! *41*!&./+,01*2&'/!410+!.++'!8>&**+9!.&*4!1/! 6&'*2'5&5/!91*1! N6&'*2'5&5/! ,+9! >2'+P!1'9!10+,1(+9!&0+,!"ZV!-!2'*+,01>/!N,+9!9&*/P?!Q4+!91/4+9!>2'+/!2'9261*+!*4+!01>5+!&3!.2!1'9!.2p#!:-!3&,!*4+!&./+,0+9!N,+9P!1'9!-&9+>+9!N.>5+P!8,&32>+!,+/8+6*20+>7?!!
<X/*%,( C6QD! G>>5/*,1*2&'! 3&,! @QG%Q)9+,20+9!-+1'! /5,316+! 2'3>5+'6+! 3&,! ,+6+8*&,!8&2'*/! 6&>>+6*+9!'+1,! _,1':35,*! 2'! #VV]! 3&,! *4+! B2A+9! %17+,! N*&8! >+3*P! 1'9! _,++! Q,&8&/84+,+! N*&8! ,2(4*P?! Q4+!.&**&-! 81'+>/! /4&=! *4+! H'41'6+-+'*/! 3,&-! *4+! Q,&8&/84+,+! N*4+! 9233+,+'6+! .+*=++'! *4+!3&,-+,!*=&PC!=2*4!9233+,+'*!O&&-?!!
<X/*%,( C6GD! L5-5>1*20+! /5-! &3! *4+!B%! 3&&*8,2'*/! 3&,! 1>>! 3>2(4*/! 2'*&! &,! &5*! &3! _YE! 2'! *4+! 7+1,!#V""?!Q4+!(,17!>2'+!9+>2'+1*+/!*4+!ZV[!3&&*8,2'*?!!
<X/*%,( C6LJ( cq.>&6:/\PC! &,9+,+9! 1/! 3&>>&=/! 3,&-! *&8! *&! .&**&-! 1'9! 3,&-! >+3*! *&! ,2(4*D!1'*4,&8&(+'26!LF#C!LFC!L<RC!;HH!1'9!,+/82,1*2&'?!G'!*4+!/2'(>+)/8+62+/!2'0+,/2&'C!*4+!6&,,+>1*2&'!01>5+/!2'!*4+!&33)921(&'1>!q.>&6:/\!&3!-1*,2A!N.P!1,+!/+*!*&!O+,&?!G'!*4+!6&-8>+*+!-1*,2AC!6&,,+>1*2&'!.+*=++'!3>5A+/!3,&-!9233+,+'*!-&'*4/!2/!1>/&!/+*!*&!O+,&?!
! "Z!
<X/*%,( C6@AJ(B&9+>)91*1!-2/-1*64! 6&,,+>1*2&'!-1*,2A! N1P! 5/+9! 2'! *4+!-5>*2)/8+62+/! 2'0+,/2&'C!/8+62+/! 6&,,+>1*2&'!-1*,2A! @/! N.PC! *+-8&,1>! 6&,,+>1*2&'!-1*,2A! @*! N6P! 1'9! /J51,+9!-+1/5,+-+'*!5'6+,*12'*7!N9P?!a&*+!*41*!*4+!-+1/5,+-+'*!5'6+,*12'*7!2/!+A8,+//+9!2'!88-!3&,!LF#!1'9!88.!3&,!LF! 1'9! L<R?! H164! -1*,2A! 41/! *4+! /1-+! 92-+'/2&'/! N"Vd^A"Vd^P! ,+3>+6*2'(! *4+! >+'(*4! &3! *4+!&./+,01*2&'!0+6*&,C!.5*!4+,+!&'>7!*4+!91*1!&3!`5>7!1,+!8>&**+9!*&!2'6,+1/+!02/2.2>2*7?!Q4+!(,17!>2'+/!2'9261*+! 9233+,+'*! /8+62+/! 2'! *4+! &./+,01*2&'! 0+6*&,! Nq.>&6:/\PC! &,9+,+9! 1/! 3&>>&=/! 3,&-! *&8! *&!.&**&-! 1'9! 3,&-! >+3*! *&! ,2(4*D! *&*1>! LF#C! LF! 1'9! L<R?! G'! *4+! /2'(>+)/8+62+/! 2'0+,/2&'C! *4+!6&,,+>1*2&'!01>5+!2'!*4+!&33)921(&'1>!q.>&6:/\!&3!-1*,2A!N.P!2/!/+*!*&!O+,&?!Q4+!/*,56*5,+!2'!@/!2'!N6P!2/!1!,+/5>*!&3!*4+!5'+0+'!*+-8&,1>!92/*,2.5*2&'!&3!*4+!&./+,01*2&'/!=2*42'!*4+!-&'*4?!
<X/*%,(C6@@J(Q4+!32'1>!,+/61>2'(!-1*,2A!r8,2&,! N1P!1'9!*4+!8,2&,!+,,&,!6&01,21'6+!-1*,2A!@8,2&,N.P?!a&*+!*41*!r8,2&,!61'!.+!9+32'+9!1/!*4+!+>+-+'*)=2/+!,1*2&!&3!@8,2&,!1'9!L8,2&,?!
"#$%&'! ()*(+! "#$%%$&'!#()! *+&#! ",-./!0$12! +343)1&+! )&$'1%! &*! 123! 56./789! :(;$<(1$&'! 4(#)($='!
>;3*1?!('<!3@(#);3!&*!ABCDB8<3+$:3<!*&&1)+$'1!*&+!(!%)34$*$4!+343)1&+!)&$'1!>+$=21?E!!!
<X/*%,( C6@7J! B+1'! ,+/2951>! 8,&32>+! 3&,! LF#! &'! *4+! /+6&'9! 917! &3! *4+! L<EYB)_! 01>291*2&'!61-812('?! Q4+! *4,++! >2'+1,! 32*/! 1'9! ,+/2951>/! 2'! *4+! B2A+9! %17+,! N(,++'PC! _,++! Q,&8&/84+,+!N.>16:P!1'9!@*,1*&/84+,+!N.>5+P!1,+!1>/&!8>&**+9?!Q4+!2'*+,8&>1*+9!6&,,+6*2&'!8,&32>+!5/+9!3&,!*4+!6&,,+6*2&'!2/!8>&**+9!2'!,+9?!!
<X/*%,(76@D*F./+,0+9!LF!-2A2'(!,1*2&!3&,!*4+!7+1,/!#VVW)#V""!2'!*4+!>&=+,!Q,&8&/84+,+!1,&5'9!_,1':35,*?! Q4+! 8>&*/! /4&=! -+1'! -&'*4>7! 01>5+/! 1*! 3&5,! 9233+,+'*! 4+2(4*/?! a&*+! *41*! 01>5+/!6&>>+6*+9! 1*! "VVV!-! 1,+! /*,&'(>7! 9233+,+'*! *41'! 01>5+/! 6&>>+6*+9! 1*! 42(4+,! >+0+>/?! G'! *4+! /8,2'(!NB1,64!1'9!E8,2>P!&3!#VV]!1'9!#VV^C!42(4+,!01>5+/!=+,+!6&>>+6*+9!1*!#VVV!-!1'9!1.&0+?!Q42/!2/!>2:+>7!95+!*&!1'!5'5/51>>7!42(4!'5-.+,!&3!/8,2'(!=2>932,+/!2'!-1'7!H5,&8+1'!6&5'*,2+/?**!
<X/*%,(76CD*F./+,0+9!BFKEGLMGE;F@!8,&32>+/!&3!LF!'+1,!_,1':35,*!N32,/*!81'+>C!&'!*&8PC!*&(+*4+,!=2*4! /2-5>1*+9! 8,&32>+/! &3! LF! 3,&-! @QG%QMHU;EY! 6&58>2'(! 1'9!BELL! ,+1'1>7/2/! N/+6&'9! 1'9!*42,9!81'+>! ,+/8+6*20+>7P?!Q4+!.&**&-!81'+>! /4&=/! *4+!1./&>5*+!01>5+!&3! *4+!,+/2951>/!.+*=++'!BFKEGLMGE;F@!1'9!BELL!8,&32>+/?!!
<X/*%,(767D*L&+33262+'*!&3!9+*+,-2'1*2&'!NY#P!.+*=++'!-&9+>+9!1'9!&./+,0+9!LF!-2A2'(!,1*2&!3&,!.&*4!@QG%QMHU;EY!1'9!BELL!5/2'(!8,&32>+/!6&>>+6*+9!1,&5'9!_,1':35,*\/!12,8&,*! 2'!7+1,/!3,&-!#VVW!*&!#V""?!!
<X/*%,(76FD*L&-81,2/&'!&3!/2-5>1*+9!0/?!&./+,01*2&')9+,20+9!-2A2'(!4+2(4*/!3&,!BFKEGL!8,&32>+/!'+1,!_,1':35,*!2'!#VV]?!Q4+!,+9!>2'+!2/!9,1='!3,&-!*4+!F,2(2'!1'9!*4,&5(4!*4+!6+'*+,!&3!-1//!&3!*4+!/61**+,!8>&*C!/&!2*/!/>&8+!,+8,+/+'*/!*4+!,1*2&!&3!*4+!-+1'!/2-5>1*+9!1'9!&./+,0+9!01>5+?!!!
i&*4! 6&,,+6*2&'! 316*&,/! 1'9! +,,&,! .1,/! N/*1'91,9! 9+021*2&'/P! =+,+! 9+,20+9! 5/2'(! 1! =+2(4*+9!>+1/*)/J51,+/!+/*2-1*+!&3!*4+!81,1-+*+,/!&3!1!'&')>2'+1,!-&9+>?!!
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! "W!
<X/*%,( 76QD*E/! _2(5,+! $?WC! .5*! 3&,! *4+! /*1'91,9! 9+021*2&'! &3! *4+! +'41'6+-+'*/! &3! LF! 3&,! *4+!9233+,+'*!=2'9!/+6*&,/?!!
<X/*%,( 76GD*Y+1>2O1*2&'/! &3! ,+8,+/+'*1*2&'! +,,&,! N2?+?! 9233+,+'6+/!.+*=++'! @QG%Q! /2-5>1*2&'/! 1*!9233+,+'*!,+/&>5*2&'/C!4+,+!"V!:-!1'9!^V!:-P!3&,!LF!8>&**+9!1(12'/*!/2-5>1*+9!+'41'6+-+'*C!1'9!6&>&,)6&9+9!.7!/+1/&'!N>+3*P!1'9!.7!12,8&,*!>&61*2&'!N,2(4*P?!;,+7!>2'+/!2'9261*+!*4+!Z!1'9!dZ[2>+!&3!*4+!92/*,2.5*2&'!=2*42'!"V!.2'/!&3!/2-5>1*+9!+'41'6+-+'*X!*4+!7+>>&=!>2'+!2'9261*+/!*4+!-+1'?!!
<X/*%,(76LD*Y1'9&-!6&-8&'+'*!&3! *4+!,+>1*20+!,+8,+/+'*1*2&'!+,,&,! 3&,!LF!3&,!*4+!7+1,/!#VVW)#V""!2'!*4+!-2A+9!>17+,!3&,!_,1':35,*!N>+3*PC!%&'9&'!N-299>+PC!1'9!b2+''1!N,2(4*PC!1/!1!35'6*2&'!&3!=2'9! 92,+6*2&'?! Q4+! ,2(4*-&/*! A)01>5+/! 2'9261*+9! s>&=t! ,+8,+/+'*! >&=! =2'9! /8++9/! Nu$-M/P?!@QG%QMHU;EY! /2-5>1*2&'/! 1,+! /4&='! 2'! 9233+,+'*! (,+7! *&'+/! N>2(4*! 3&,! 6&1,/+C! 91,:! 3&,! 42(4!,+/&>5*2&'P?!B1A2-5-!,+>1*20+!+,,&,!3&,!b2+''1!1*!"VZ!9+(,++/!2/!58!*&!R?^!!
<X/*%,(76@AD*E/!_2(5,+!$?dC!.5*!3&,!1./&>5*+!,+8,+/+'*1*2&'!+,,&,?!!
<X/*%,( 76@@D* Y1'9&-! 6&-8&'+'*! 3&,! ,+8,+/+'*1*2&'! +,,&,! &3! _,1':35,*! 3&,! 9233+,+'*! =2'9!92,+6*2&'/! N>+3*P! 1'9! -&'*4/! N,2(4*PC! 8>&**+9! 1(12'/*! *4+! 6&,,+/8&'92'(! -&9+>)91*1! -2/-1*64!+,,&,?!!

<X/*%,( 76@7D*E./&>5*+! 641'(+! 2'!LF!+'41'6+-+'*/!95+! *&!84&*&64+-2/*,7! N>+3*P! 1'9!.&5'91,7!6&'92*2&'!N,2(4*P!&'! *4+!=4&>+!91*1/+*?!@*1'91,9!9+021*2&'!&3! ,+/2951>/! 2/!J51'*232+9!1/!#?W!88.!3&,!84&*&64+-2/*,7!1'9!""?"!88.! 3&,! *4+!.&5'91,7!6&'92*2&'?!a&*+! *4+!9233+,+'*!/61>+!&'!*4+!A)1A2/?!!!!
Figure 4.1: B+1'!912>7!+'41'6+-+'*!&3!-2A+9!>17+,!0/?!3,++!*,&8&/84+,26!-&>+!3,16*2&'/?!B&9+>+9!-2A2'(!,1*2&/!1,+!/4&='!1/!.>16:!>2'+/C!=42>+!*4+!&./+,0+9!LF!2/!/4&='!1/!.>5+!>2'+?!a&*+!*41*!*4+!-&9+>+9!01>5+/!3&,!LF!410+!.++'!-5>*28>2+9!.7!1!316*&,!&3!$?^C!6&,,+/8&'92'(!*&!*4+!-+1'!,1*2&!.+*=++'!&./+,0+9! 1'9!-&9+>+9!LF! +'41'6+-+'*/! N13*+,! O2! 6&,,+6*2&'PC! *&!-1*64! *4+! &./+,0+9!01>5+/?!!!!!!
<X/*%,( F6CJ( c,2&,! +,,&,! 6&01,21'6+!-1*,2A! N>+3*P! 1'9! 6&,,+/8&'92'(! 8&/*+,2&,! +,,&,! 6&01,21'6+!-1*,2A!N,2(4*P?!
<X/*%,( F67J( c,2&,C! 8&/*+,2&,! 1'9! *,5+! N8/+59&)91*1P! 3>5A+/! 2'! 847/261>! 5'2*/! 1((,+(1*+9! 3&,!9233+,+'*! 35+>! *78+/?!a&*+! *41*C!1/! *4+! *,5+! 3>5A+/!1,+! *4+!,+/5>*!&3!1!,1'9&-!8+,*5,.1*2&'!&3! *4+!8,2&,C!*4+7!9&!'&*!9+/6,2.+!1'!16*51>!/2*51*2&'!2'!*4+!847/261>!=&,>9?!@&C!3&,!+A1-8>+C!*4+!316*!*41*!*4+! *,5+! 01>5+! &3! L<R! 3>5A+/! 2'! `5>7! 2/! >&=+,! *41'! *4+! /1-+! 01>5+! 2'! U+6+-.+,! /4&5>9! '&*! .+!/5,8,2/2'(?!
<X/*%,( F6FJ( c,2&,C! 8&/*+,2&,! 1'9! *,5+! N8/+59&)91*1P! 3>5A+/! 2'! 847/261>! 5'2*/! 1((,+(1*+9! 3&,!9233+,+'*!+-2//2&'!/+6*&,/?!E./&>5*+!01>5+/!&3!.2&/84+,+)1*-&/84+,+!+A641'(+!3>5A+/!&3!LF#!1,+!2'6>59+9!2'!N.PC!.5*!/61>+9!9&='!.7!1!316*&,!&3!"V?!a&*+!*41*C!1/!*4+!*,5+!3>5A+/!1,+!*4+!,+/5>*!&3!1!,1'9&-!8+,*5,.1*2&'!&3!*4+!8,2&,C!*4+7!9&!'&*!9+/6,2.+!1'!16*51>!/2*51*2&'!2'!*4+!847/261>!=&,>9?!@&C! 3&,!+A1-8>+C! *4+! 316*! *41*! *4+! *,5+!01>5+!&3!LF! 3&,! *,1'/8&,*! 2'! `5>7! 2/!42(4+,! *41'! *4+!/1-+!01>5+!2'!U+6+-.+,!/4&5>9!'&*!.+!/5,8,2/2'(?!
<X/*%,(F6RJ(L&-81,2/&'!.+*=++'!8,2&,!1'9!8&/*+,2&,!-&'*4>7!5'6+,*12'*2+/!3&,!*4+!320+!*,16+,/?!Q4+! 8&/*+,2&,! 5'6+,*12'*7! 2/! 8>&**+9! 3&,! .&*4! *4+!-5>*2)/8+62+/! 2'0+,/2&'C! 166&5'*2'(! 3&,! 2'*+,)/8+62+/!6&,,+>1*2&'/C!1'9!*4+!/2'(>+)/8+62+/!2'0+,/2&'C!2'!=4264!1>>!&3!*4+!/8+62+/!1,+!2'9+8+'9+'*?!
! "]!
i&*4! 8,2&,! 1'9! 8&/*+,2&,! 5'6+,*12'*7! 1,+! +A8,+//+9! 2'! 847/261>! 5'2*/?! Q4+! /82:+! 2'! *4+! 8,2&,!-+*41'+!5'6+,*12'*7!+/*2-1*+!3&,!*4+!-&'*4!&3!B1,64!9+8+'9/!&'!*4+!+-2//2&'!2'0+'*&,7!1'9!2/!,+>1*+9!*&!*4+!676>+!&3!1(,265>*5,1>!16*202*2+/?!
<X/*%,( F6>J(i+'+32*! &3! 1!-5>*2)/8+62+/! 2'0+,/2&'! &0+,! *4+! 6&,,+/8&'92'(! /2'(>+)/8+62+/! N9&**+9!>2'+P! 8+,! 9233+,+'*! /8+62+/! 8+,! -&'*4/! &3! *4+! 7+1,?! Q4+! .+'+32*! 41/! .++'! *+/*+9! 3&,! *4+! *4,++!9233+,+'*!61/+/!&3!Q1.>+!#?$?!a&*+!*41*!LF#!,+3+,/!*&!3&//2>!35+>!+-2//2&'/!&'>7C!1'9!YH@c!1'9!;HH!,+3+,/!*&!*4+!.2&/84+,26!3>5A+/?!
<X/*%,( F6QJ(i+'+32*! &3! 1!-5>*2)/8+62+/! 2'0+,/2&'! &0+,! *4+! 6&,,+/8&'92'(! /2'(>+)/8+62+/! N9&**+9!>2'+P! 8+,! 9233+,+'*! /8+62+/! 1'9! -&'*4?! Q4+! .+'+32*! 41/! .++'! *+/*+9! 3&,! 1! s'&,-1>t! 2'0+,/2&'!3+1*5,2'(!.&*4!8,2&,!1'9!-&9+>)91*1!-2/-1*64!6&,,+>1*2&'!.+*=++'!9233+,+'*!/8+62+/!N.>16:P!&,!&'>7!&'+!&3!*4+/+!*=&!6&-8&'+'*/!N,+9!1'9!&,1'(+P?!Y+/5>*/!,+3+,!*&!L1/+!"!&3!Q1.>+!$!N.>16:!>2'+!&3! _2(?! R?WP?! b1>5+/! 9+,20+9! 3,&-! c1>-+,! N#VVWP! 3&,! *4+! -&'*4! &3! B1,64! 1,+! 2'9261*+9! =2*4! 1!921-&'9?!
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H-82,261>! &./+,01*2&'! &3! *+-8+,1*5,+! 1>>! 1,&5'9! *4+! =&,>9! *&(+*4+,! =2*4!-+1/5,+9! *,+'9/! &3! *4+! 6&'6+'*,1*2&'! &3! *4+! ;<;! N_2(?! "?"P! 1'9! *4+&,+*261>!:'&=>+9(+!1*!+>+-+'*1>!81,*26>+! >+0+>!41/! >+19! *4+! G'*+,(&0+,'-+'*1>!c1'+>!&'!L>2-1*+!L41'(+!NGcLLP!*&!9+6>1,+C!2'!*4+!7+1,!#V"$C!*41*D!“Warming of the climate 
system is unequivocal ... The atmosphere and ocean have warmed, the amounts of 
snow and ice have diminished, sea level has risen, and the concentrations of 
greenhouse gases have increased... It is extremely likely that human influence has 
been the dominant cause of the observed warming since the mid-20th century”cs*&8)9&='t
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COenh,obs = sfall ! sfloc ! sfmonth !COenh,stilt +!
! R#!
i+615/+!*4+!,+8,+/+'*1*2&'!+,,&,!2/!9+32'+9!1/!*4+!/*1'91,9!9+021*2&'!&3!/+0+,1>!,+1>2O1*2&'/C!*4+!91*1!'++9!*&!.+! 92029+9! 2'*&! 9233+,+'*! (,&58/! /564! *41*! *4+! ,+8,+/+'*1*2&'! +,,&,! 2/! '&*!+/*2-1*+9! 1/! 1! /2'(>+! '5-.+,C! .5*! /8+62326! 3&,! 9233+,+'*! /2*51*2&'/?! E/! *4+! LF!+'41'6+-+'*/! 3&,! *4+! 9233+,+'*! 12,8&,*/! /4&=! 1! /*,&'(! 9+8+'9+'6+! &'! =2'9!92,+6*2&'! N/++! /+6*2&'! $?RPC! =+! 9+629+9! *&! (,&58! 2'*&! $Vw! 62,65>1,! /+6*&,/?! G'!1992*2&'C!1/!=2'9!92,+6*2&'!9+*+,-2'1*2&'!2/!9233265>*!1*!>&=!=2'9!/8++9C!1!35,*4+,!(,&58!s>&=!=2'9t
IJIJX*O"=&"$"()#)2+(*"&&+&*5#:2@#)2+(*!G'!&,9+,!*&!+01>51*+!*&!=4264!9+(,++!*4+!+/*2-1*+9!,+8,+/+'*1*2&'!+,,&,!61'!.+!5/+35>! *&!9+/6,2.+!1'9!29+1>>7!8,+926*!-&9+>)91*1!-2/-1*64!3&,!1'! 2'9+8+'9+'*!-&9+>C!*4+!,+8,+/+'*1*2&'!+,,&,!=1/!6&-81,+9!=2*4!,+/2951>/!.+*=++'!*4+!BELL!
COrepr.err (n !10km) =! (CO(n !10km)"CO(10km))
! R$!
b1>291*2&'!,+/5>*/!1,+!/4&='!&'>7!3&,!1!/2'(>+!/81*21>!,+/&>5*2&'!&3!*4+!@QG%QMHU;EY!/2-5>1*2&'!N^V!:-P?!Q42/!,+/&>5*2&'!=1/!64&/+'C!1/!2*!2/!6>&/+/*!*&!*4+!BELL!,+1'1>7/2/!4&,2O&'*1>!,+/&>5*2&'!&3!"?"#Z!9+(?!!!
d! 1'9!#?"V!,+/8+6*20+>7?!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!N#?dP!!!
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! RR!
C67((9*Y$XO#[,'X,#(X-],%#X1-J(E-[*$(K&$&`(91\,YX-/(<%&+,_1%a`(
&-\(2&V,#X&-(E-],%#X1-(!i+3&,+! 9+/6,2.2'(! *4+! -&9+>2'(! 3,1-+=&,:C! =+! 2'*,&956+! /&-+! /8+62326!*+,-2'&>&(7! *&! ,+956+! 1-.2(52*7! 2'! @+6*?! #?$?")#?$?W?! gcLL! U+/6,28*2&'! E((,+(1*+9!"! "1"1! c&=+,!(+'+,1*2&'! H'+,(7!#! "1".6,! F*4+,!*,1'/3&,-1*2&'!'&')+'+,(7!5/+! H'+,(7!$! "."! @&>29!35+>/!8,&956*2&'! H'+,(7!R! ".#1.6! ;1/!3>1,2'(! H'+,(7!Z! ".#16! F2>!8,&9?C!92/*,2.5*2&'!1'9!3>1,2'(! H'+,(7!W! ".#.! ;1/!8,&956*2&'!1'9!92/*,2.5*2&'! H'+,(7!]! "1$1p"6"! G'*+,'1*2&'1>!1'9!9&-+/*26!1021*2&'! Q,1'/8&,*!^! "1$.! Y&19!*,1'/8&,*! Q,1'/8&,*!d! "1$6+! a&'),&19!(,&5'9!*,1'/8&,*! Q,1'/8&,*!"V! "1$9p"6#! G'>1'9!=1*+,=17/!1'9!/42882'(! Q,1'/8&,*!""! "1#pW69! G'95/*,21>!6&-.5/*2&'!N'&')8&=+,P! G'95/*,7!"#! #1! L+-+'*!1'9!>2-+!8,&956*2&'! G'95/*,7!"$! #.+3(p$! L4+-261>!2'95/*,7!1'9!/&>0+'*! G'95/*,7!"R! #6! B+*1>!2'95/*,7!+-2//2&'! G'95/*,7!"Z! "1R! i52>92'(/! i52>92'(/!"W! R1! H'*+,26!3+,-+'*1*2&'!2'!1(,265>*5,+! E(,265>*5,+!"]! R.! B1'5,+!-1'1(+-+'*! E(,265>*5,+!"^! R6! Y26+!65>*201*2&'! E(,265>*5,+!"d! R3! E(,265>*5,1>!=1/*+!.5,'2'(! E(,265>*5,+!#V! W1! @&>29!=1/*+!92/8&/1>!2'!>1'932>>/! S1/*+!#"! W.! S1/*+=1*+,!*,+1*-+'*! S1/*+!##! ]1! _&//2>!35+>!32,+/! __35+>/!!
4&"Y,(C6@J(@8+62326!+-2//2&'!/+6*&,/!166&5'*+9!3&,!2'!*4+!/*1*+!0+6*&,!1'9!1((,+(1*+9!61*+(&,2+/!1/!5/+9!2'!_2(?!R?$?!!!!!
! RZ!
! _5+>!*78+! E((,+(1*+9!35+>!*78+!"! i,&='!6&1>! L&1>!#! <1,9!6&1>! L&1>!$! c+1*! L&1>!R! ;1/!9+,201*20+/! ;1/!Z! a1*5,1>!(1/! ;1/!W! <+107!&2>! F2>!]! %2(4*!&2>! F2>!^! @&>29!=1/*+! S1/*+!d! b+'*2'(!1'9!3>1,2'(!! F2>!"V! F*4+,!NvP! F*4+,!""! ;1/!.2&35+>/! i2&!"#! %2J529!.2&35+>/! i2&!"$! @&>29!.2&35+>/! i2&!!
4&"Y,(C6CJ(@8+62326!35+>!*78+/!166&5'*+9!3&,!2'!*4+!/*1*+!0+6*&,!1'9!1((,+(1*+9!61*+(&,2+/!1/!5/+9!2'!_2(?!R?R?!!NvP!Q4+!61*+(&,7!sF*4+,t!2/!9+,20+9!.7!/5--2'(!*4+!6&'*,2.5*2&'!3,&-!*4&/+!8,&6+//+/!2'!=4264!2/!9233265>*!*&!+/*1.>2/4!*4+!/8+62326!35+>!,+/8&'/2.>+!3&,!*4+!+-2//2&'/?!!!!!

! RW!
-2A+9! >17+,C! 23! *4+! -&9+>+9! O2! 2/! >&=+,! N42(4+,P! *41'! *4+! 16*51>! &'+C! *4+'! *4+!/2-5>1*+9!B%!-2A2'(! ,1*2&!=2>>! .+!42(4+,! N>&=+,P! *41'! 2*! 16*51>>7! /4&5>9!.+?! G'!*4+!8,+/+'*! /*597C!-&9+>+9! O2! 1,+! 6&,,+6*+9! 3&>>&=2'(! *4+!-+*4&9!9+/6,2.+9! 2'!@+6*!#?#?$?!!!
IJLJI*G&#($=+&)4,:%W*6+%=:2(;*!Q4+!-&9+>2'(!3,1-+=&,:!2/!6&-8&/+9!&3!1!,+(2&'1>!*,1'/8&,*!-&9+>!N@QG%QPC!*4+!HU;EY! NH-2//2&'! U1*1.1/+! 3&,! ;>&.1>! E*-&/84+,26! Y+/+1,64P! +-2//2&'!2'0+'*&,7!*&!-&9+>!1'*4,&8&(+'26!+-2//2&'/C!bcYB!Nb+(+*1*2&'!c4&*&/7'*4+/2/!1'9!Y+/82,1*2&'!B&9+>P!*&!-&9+>!+-2//2&'/!3,&-!*4+!.2&/84+,+!1'9!&5*85*!3,&-!(>&.1>! *,1'/8&,*! -&9+>/! 3&,! >1*+,1>! .&5'91,7! 6&'92*2&'/! 3&,! *4+! 9233+,+'*!-&9+>+9! /8+62+/?! Q4+! +A8,+//2&'/! q1'*4,&8&(+'26! +-2//2&'/\! 1'9! q3&//2>! 35+>!+-2//2&'/\!1,+!6&'/29+,+9!/7'&'7-&5/!1'9!1,+!5/+9!*&!2'9261*+!*4+!/5-!&3!3&//2>!35+>!1'9!.2&35+>!+-2//2&'/C!=2*4&5*!2'6>592'(!6&'*,2.5*2&'/!3,&-!%T%TL_!N%1'9!T/+C!%1'9!5/+!L41'(+!1'9!_&,+/*,7P?!!_&,! ,+(2&'1>! *,1'/8&,*! =+! -1:+! 5/+! &3! *4+! %cUB! @QG%Q! N@*&641/*26! Q2-+)G'0+,*+9! %1(,1'(21'! Q,1'/8&,*P! N%2'C! #VV$P! *&! 9+,20+! *4+! /+'/2*202*7! &3! *4+!1*-&/84+,26!-2A2'(!,1*2&!-+1/5,+-+'*!*&!58/*,+1-!/5,316+)1*-&/84+,+!3>5A+/C!/&)61>>+9! s3&&*8,2'*/t?! _&,! +164! -+1/5,+-+'*! >&61*2&'! 1'9! *2-+! N1>/&! 61>>+9!,+6+8*&,!8&2'*PC!1!/2'(>+!3&&*8,2'*!2/!9+,20+9X!*42/!2/!*4+'!-1*,2A)-5>*28>2+9!=2*4!1'! +-2//2&'!-18! 3,&-! 1'! +-2//2&'! 2'0+'*&,7C! ,+/5>*2'(! 2'! 1! /2-5>1*+9!-2A2'(!,1*2&!6&,,+/8&'92'(!*&!*4+!,+(2&'1>!6&'*,2.5*2&'!1*!*4+!-+1/5,+-+'*!>&61*2&'?!E!9+*12>+9!9+/6,28*2&'!&3!@QG%Q! 2/!(20+'! 2'!%2'!N#VV$P!1'9!;+,.2(!N#VV$P?!S+!5/+!@QG%Q! 6&58>+9! =2*4! +-2//2&'! -&9+>/! 3&,! .&*4! 1'*4,&8&(+'26! NHU;EYP! 1'9!.2&/84+,+!NbcYBP!3>5A+/!&'!1!,+(2&'1>!9&-12'!*41*!6&0+,/!-&/*!&3!H5,&8+!N$$w!*&!]#w!aC! )"Zw!*&!$Zwhjb1,91(! +*! 1>?C! #V"ZP?! Q&! &.*12'! 4&5,>7! ,+/&>0+9! +-2//2&'/! 3,&-! *4+! &,2(2'1>!HU;EY!1''51>!3>5A+/!3&,!9233+,+'*!+-2//2&'!61*+(&,2+/!=+!199!/8+62326!*+-8&,1>!16*202*7! 316*&,/! NU+'2+,! 01'! 9+,! ;&'C! #V""P! *&! 166&5'*! 3&,! 9233+,+'6+/! 2'!+-2//2&'/! 95+! *&! /+1/&'1>C! =++:>7! 1'9! 912>7! 676>+/?! G'! 1992*2&'C! *4+! 9233+,+'*!+-2//2&'!61*+(&,2+/!1,+!35,*4+,!/8>2*!2'*&!6&'*,2.5*2&'/!3,&-!9233+,+'*!35+>!*78+/!
! R]!
3,&-! i,2*2/4! c+*,&>+5-\/! @*1*2/*261>! Y+02+=! &3!S&,>9! H'+,(7! #V"R! NicC! #V"RP?!Q4+!S&,>9!H'+,(7!F5*>&&:!3,&-!GHE!1/!1>*+,'1*20+!/&5,6+!&3!2'3&,-1*2&'!=1/!'&*!64&/+'C! 1/! *4+! ,+8&,*! 3,&-! ic! 2/! 1012>1.>+! +1,>2+,! NE8,2>! 0/?! a&0+-.+,! &3! *4+!3&>>&=2'(! 7+1,P?! Q42/! 1>>&=/! 3&,! *1:2'(! 2'*&! 166&5'*! 641'(+/! 2'! +-2//2&'/!.+*=++'!9233+,+'*!7+1,/?!@564!1'!+-2//2&'!-&9+>!8,&029+/!4&5,>7!,+/&>0+9!3>5A+/!3&,!+164!3&//2>!35+>!3>5A!61*+(&,7!=2*4!1!/81*21>!,+/&>5*2&'!&3!,&5(4>7!"V!:-!&'!&5,!,+(2&'1>!H5,&8+1'!9&-12'?!Q&!*1:+! 2'*&!166&5'*!1>/&!*4+!6&'*,2.5*2&'! 3,&-!*4+!.2&/84+,+!=+!5/+!*4+!b+(+*1*2&'!c4&*&/7'*4+/2/!1'9!Y+/82,1*2&'!B&9+>!NbcYBP?!bcbcYBMBELLMQB$! 6&-.2'1*2&'! &3! *,1'/8&,*C!/2-5>1*+9! 3>5A+/! 1'9! 190+6*+9! .&5'91,7! 6&'92*2&'/! 1/! -+,+>7! q@QG%Q\! 3&,!/2-8>262*7?!!!
IJLJL*Q#0"$2#(*3(5"&$2+(*!E/!+A8>12'+9!2'!/+6*2&'!#?"?RC!1*-&/84+,26!2'0+,/2&'/!8,&029+!1'!+/*2-1*+!&3!*4+!92/*,2.5*2&'! &3! /&5,6+/! 1'9! /2':/! &0+,! *4+! 9&-12'\/! /5,316+! 3,&-! 1012>1.>+!6&'6+'*,1*2&'!-+1/5,+-+'*/!-1:2'(!5/+!&3!*4+!/&)61>>+9!s*&8)9&='t!188,&164?!G'! *42/! /*597C! *4+! /*1*+!0+6*&,! NHJ?! N#?#PP!166&5'*/! 3&,! /8+62326!+-2//2&'!/+6*&,/!NQ1.>+!#?"P!1'9!35+>!*78+/!NQ1.>+!#?#P!3&,!+164!&'+!&3!*4+!*4,++!-&9+>+9!/8+62+/!3,&-! *4+!HU;EY!+-2//2&'!-&9+>C! 8>5/! (,&//! 3>5A+/! N(,&//! +6&/7/*+-!+A641'(+!;HH!1'9!,+/82,1*2&'!YP!-&9+>+9!.7!bcYB!3&,!Z!9233+,+'*!0+(+*1*2&'!6>1//+/?!_&,!.&*4! 1'*4,&8&(+'26! 1'9! .2&/84+,26! 3>5A+/! *4+! *+-8&,1>! ,+/&>5*2&'! &3! *4+! /*1*+!0+6*&,! 2/!-&'*4>7?!Q4+!'5-.+,!&3! /*1*+!0+6*&,!+>+-+'*/!8+,!-&'*4!1-&5'*/! *&!Wdi17+/21'! 2'0+,/2&'! 6&-.2'+/! &./+,01*2&'/! NGE;F@! 8,&32>+/P! =2*4! 1! 8,2&,2!2'3&,-1*2&'! N/61>2'(! 316*&,/!1'9! *4+2,!1!8,2&,2!5'6+,*12'*2+/P! *&! ,+6&'/*,56*! *4+!-&/*!8,&.1.>+! /*1*+!0+6*&,?!F8*2-5-!8&/*+,2&,!+/*2-1*+/!&3! *4+! /61>2'(! 316*&,/!1,+!&.*12'+9!.7!-2'2-2O2'(! 6&/*! 35'6*2&'! B! 9+*12>+9! 2'! /+6*2&'!#?"?R! NHJ?! N#?$PP?!Q4+!9+*12>+9! +,,&,! /*,56*5,+! 3&,!-&9+>)91*1!-2/-1*64! 1'9!8,2&,!5'6+,*12'*7! 2/!9+/6,2.+9!2'!*4+!@+6*?!#?$?R?!!!
! R^!

 !!"#$" ! ! !!!"#$"!!!!1'9!!!!!"#$ ! ! !!!"#$!! ! ! ! N#?""P!
 U233+,+'*!0+,/2&'/!&3! *4+!1((,+(1*2&'!&8+,1*&,!=+,+!6,+1*+9! 3&,! *42/D! +-2//2&'/!61*+(&,2+/! 1,+! 1((,+(1*+9! 166&,92'(! *&! 9233+,+'*! 35+>! *78+/! N6&1>C! &2>C! (1/C! .2&C!=1/*+C! &*4+,P! 1'9! 166&,92'(! *&! +-2//2&'! /+6*&,/! N+'+,(7C! *,1'/8&,*C! 2'95/*,7C!.52>92'(/C!1(,265>*5,+C!=1/*+C!3&//2>!35+>!32,+/P?!!!
!!
<X/*%,( C6GD! L5-5>1*20+! /5-! &3! *4+!B%! 3&&*8,2'*/! 3&,! 1>>! 3>2(4*/! 2'*&! &,! &5*! &3! _YE! 2'! *4+! 7+1,!#V""?!Q4+!(,17!>2'+!9+>2'+1*+/!*4+!ZV[!3&&*8,2'*?!!!!
! Rd!
Q&!J51'*2*1*20+>7!1//+//!*4+!2'3&,-1*2&'!8,&029+9!.7!*4+!2'0+,/2&'C!*4+!,+956*2&'!&3! 5'6+,*12'*7! 2'! *4+! 8&/*+,2&,! 6&-81,+9! *&! *4+! 8,2&,! +/*2-1*+! 2/! 1! 5/+35>!-+1/5,+!NHJ?!N#?WPP?!!!!
q.>&6:/\!2'!_2(?!#?d.!3&,!3[%X1%!1'9!_2(?!#?"V.!3&,!3bP?!G'!*4+!/2'(>+)/8+62+/!2'0+,/2&'/C!/129!6&01,21'6+!2/!/+*!*&!O+,&C!6&,,+/8&'92'(!*&!1!/2*51*2&'!=4+,+!*4+!9233+,+'*! /8+62+/! 1,+! 6&-8>+*+>7! 2'9+8+'9+'*! &3! &'+! 1'&*4+,?! L&'0+,/+>7C! *4+!-+1/5,+-+'*!5'6+,*12'*7!2/!/*&,+9!2'!*4+!-12'!921(&'1>!&3!*4+!3b!N_2(?!#?"V9P?!!!S+!5/+9!1!/2'(>+!7+1,!N#V""P!91*1/+*!,+/*,26*+9!*&!*4+!0+,*261>!8,&32>+/!6+'*+,+9!1*! *4+! _,1':35,*! 12,8&,*C! 1'9! ,+/*,26*+9! *&! 917*2-+! 95,2'(! =+>>)-2A+9!1*-&/84+,26! 6&'92*2&'/! N"VD$V! *&! "]D$V! LHQP?! Q4+! 91*1/+*! 6&'*12'/! "Vd^!8/+59&)&./+,01*2&'/C!$WW!3&,!+164!&3!*4+!*4,++!&./+,01.>+!/8+62+/C!=4+,+1/!*4+!/*1*+!0+6*&,! 6&'*12'/! *4+!/61>2'(! 316*&,/! 3&,!#WVR! 3>5A!61*+(&,2+/C! +164!+J51>! *&!&'+!2'!*4+!8,2&,?!!Q4+!8,2&,!+,,&,!6&01,21'6+!-1*,2A!61'!.+!+A8,+//+9!1/!3&>>&=/D!!!!"#$" ! !!"#$"!!"#$"! ! ! ! ! ! ! ! N#?"#P!!=4+,+!0[%X1%! 2/!*4+!8,2&,!+,,&,!6&,,+>1*2&'!-1*,2A!N_2(?!#?d1P!1'9!c[%X1%! 2/!1!8,2&,!,+/61>2'(!-1*,2A!9+/6,2.+9!2'!@+6*?!#?$?W!N_2(?!#?""1P?!_2,/*!=+!9+/6,2.+!4&=!0[%X1%!2/!(+'+,1*+9?!Q4+!8,2&,!+,,&,!6&,,+>1*2&'!-1*,2A!2/!1!/J51,+!-1*,2A!&3!,1':!#WVRC!,+3>+6*2'(! *4+! >+'(*4! &3! *4+! /*1*+! 0+6*&,C! 1'9! ,+/5>*/! 3,&-! *4+! 8,&956*! &3! *4,++!6&-8&'+'*/! N_2(?!#?d.C!#?d6!1'9!#?d9P!166&5'*2'(! 3&,! 6&,,+>1*2&'/!.+*=++'! 3>5A!61*+(&,2+/! 166&,92'(! *&! *4+! -&9+>+9! /8+62+/C! +-2//2&'! /+6*&,/! 1'9! 35+>! *78+/!,+/8+6*20+>7?!G'!3&5,!9233+,+'*!2'/*1'6+/C!1!6&,,+>1*2&'!&3!V?]!2/!188>2+9D!!"? i+*=++'!9233+,+'*!1'*4,&8&(+'26!-&9+>+9!/8+62+/!#? i+*=++'!;HH!1'9!,+/82,1*2&'!$? i+*=++'!9233+,+'*!+-2//2&'!/+6*&,/!R? i+*=++'!9233+,+'*!35+>!*78+/!!@564! 1! 6&,,+>1*2&'! 2-8>2+/! *41*! *4+! +A8>12'+9! 01,21'6+! 3&,! +164! 6&'/*,12'*!+0+,7*42'(!+>/+!.+2'(!+J51>!2/!,&5(4>7!ZV[C!NV?]!*&!*4+!/J51,+!+J51>/!V?RdP!=2*4!*4+!,+/*!,+-12'2'(!2'9+8+'9+'*?!G'!1992*2&'C!*4+!6&,,+>1*2&'!.+*=++'!3&//2>)35+>),+>1*+9! 1'9! .2&/84+,+),+>1*+9! /61>2'(! 316*&,/! 2/! O+,&C! 1'9! *4+! /1-+! 4&>9/! 3&,!3>5A+/!&3!9233+,+'*!-&'*4/C!2'9261*2'(!6&-8>+*+!2'9+8+'9+'6+!3,&-!&'+!1'&*4+,?!
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